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$1. 5-layer STEAM-linac

Figure S1 shows the schematic of the designed 5-layer segmented
structure for the STEAM-linac. It is based on the use of 2x50 yJ THz
energy that gives ~ 200 keV acceleration. The thickness and length
of each layer are adjusted to maintain the maximum interaction
time.

(a) (b) 250
50 ym s

_— 2200
| |
1 Eswsmm I 290pm ]

ESodm® D 260um 5 150
T Foeoan B ‘30m | S
=20mft $200pm 8

- = um_| 8 100
- 0.6 mm N w

12.03 mm

500 0.5 1 15

Propagation distance (mm)
Figure S1. (a) Schematic illustration of the designed 5 layer
segmented waveguide linac structure. (b) Calculated acceleration
along the electron propagation direction.

S2.Laser system

Experiments are performed with a 1.1 ps duration, 50 mJ energy,
1020nm wavelength Yb:YLF laser operating at 10 Hz repetition
rate. THz pulses with a center frequency of 0.29 THz are generated
by the well-established tilted pulse-front method [1] in a LiNbO3
crystal, resulting in 2 x 200 n] pulses and 2 x 30 yJ for the STEAM-
buncher and STEAM-linac respectively from the NIR laser system.
Substantial losses due to beam transport and input coupling of the
THz beam, however, result in pulse energies at the interaction

region of 2x100n] and 2x15p] for the STEAM-buncher and
STEAM-linac, respectively.

S3. Particle-in-cell simulations

For the simulation of THz field propagation in the STEAM device,
an in-house time-domain Maxwell solver based on the
Discontinuous Galerkin Time Domain (DGTD) method is
developed. The software is written in C++ and is efficiently
parallelized using the Message Passing Interface (MPI) library. The
geometry of the field STEAM device is drawn and discretized using
the Gmsh (geuz.org/gmsh/) software and the DUNE library
(www.dune-projectorg) is utlized for mesh and grid
management. The electron bunch is propagated using a particle-in-
cell algorithm. The overall DGTD/PIC technique for the simulation
of STEAM device is described in [2].
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